Abstract-The double-motor synchronous control system is widely used in industrial field. Its performance plays an important role in production. Traditional PID controller parameters are difficult to tune when used in control system, as well as the control effect can not satisfy the requirement of producing process when the controller plant is complex non-linear system. In this paper, adaptive fuzzy PID which can tune the parameters on-line is introduced to apply in the double-motor synchronous control system. In MATLAB / SMULINK simulation environment, the speed of master motor is perfectly followed by slave motor, and high robustness and precision are obtained. The simulation results show that fuzzy logic PID control strategy has better performances than traditional controller.
I. INTRODUCTION
The large output power is required for the long production line, conveyor line or assembly line in the industrial producing process, but single motor output torque is difficult to achieve. So in certain situations, such as steel continuous casting machine, cold rolling mill (heat), textiles, dyeing machine, paper machine, two or even more motors are necessarily applied to complete the control tasks synchronously and coordinately [1] . Highperformance synchronous control can improve the production's quality of many industries such as textile, metallurgy, machinery, papermaking, printing, packaging, bottle manufacturing and so on. The synchronous performance double-motor or even multi-motor impact on production efficiency and product quality directly. Therefore, the research on the synchronous control has a very important practical significance.
There are several synchronous control strategies in recent years, including parallel control, master slave control, cross coupling control, relative coupling control. These synchronous control strategies can be applied in different occasions flexibly for they have their own advantages [2] .
The core of synchronous control strategies is the synchronous control algorithm. The traditional PID controller with simple structure and stable performance is widely used. But it is difficult to meet the high precision and fast response, moreover the parameters tuning of traditional PID controller is so complex and inconvenient. Therefore fuzzy adaptive algorithm is introduced. Fuzzy control is a reflection of the intelligent control strategy of human wisdom. The best feature of this strategy is it expresses the experience and knowledge of the experts as linguistic control rules and use these control rules to control the system, so that the plant can be controlled independent of the exact mathematical model, and the parameters are tuned on-line automatically. The control strategy is introduced in this paper combines fuzzy control toolbox in MATLAB /SIMULINK organically, achieving the modeling and simulation of parameter selftuning fuzzy PID controller for double-motor speed synchronous control system. The simulation results show that the fuzzy self-tuning controller have a better synchronous control performance than the traditional PID controller.
II. MASTER-SLAVE CONTROL METHOD
The control method called Master-Slave control is applied in the synchronous controller of double-motor. Its main characteristic is that the revolving speed output of the master motor will be the reference value of the slave motor. Any input signal or disturbance on the master motor can be reflected and followed by the slave motor. On the contrary, the disturbance from the slave motor will never affect the master motor. This control method has great superiority when the dynamic performance of the two motors is much different, and good control effect can be obtained. The simple structure of this control method is shown in the Fig.1 Traditional PID controller is a kind of linear controller which constitutes the control error ( ) e t according to the given value ( ) r t and the actual output value ( ) y t , and it controls the plant by the control value ( ) u t which is the linear combination of ( ) e t 's proportion ，integral and derivative. The controller's relationship of input and output can be described as (1):
T is the derivative gain.
B. Choosing Fuzzy Controller Inputs and Outputs
The fuzzy PID controller adopts two inputs and three outputs. Input variables are e and ec ; output variables are the proportional gain kp , the integral gain ki , the derivative gain kd .The domain of e , ec , kp , kd is {-6, -4,-2, 0, 2,4,6}, and ki is{-0. 
C. Design of Fuzzy Control Rules
The fuzzy control rule is the summary of the system control experience that captures the expert's knowledge about how to control the plant, which directly affects the quality of control system [5] [6] [7] [8] . In this paper, fuzzy control rules are designed with these tune principles as follows:
(1) When 0 e > ， 0 ec < and e is large, in order to maintain a rapid response and make the absolute of error reduce in the maximum speed, kp should be bigger and ki , kd should be smaller; with the decrease of e , to prevent the overshoot be too big, kd should be added and kp , ki should be diminished, evenly, ki should be cancelled.
(2) When 0 e < ， 0 ec > , the system is over steadystate and the error is increasing, in order to decrease the overshoot, kd should be bigger and ki , kp should be smaller.
(3) When 0 e < ， 0 ec > , the system is tending steady-state, kp should be taken a bigger value in order to promote the response speed and then access to steadystate quickly; kd should be added to decrease the overshoot; ki should be diminished to avoid oscillation caused by integral overshoot.
(4) When 0 e > ， 0 ec > , the overshoot of the system is negative. When the error is increasing, kd should be taken a bigger value, once the error reach the maximum and the system is tending steady-state, kd should be decreased and kp , ki should be increased.
The fuzzy rule-base is shown from Table 1 to Table 3 . There are total 49 rules can be viewed in the rule editor. And rule editor of fuzzy control in MATLAB is shown in 
IV. SYSTEM SIMULATION MODEL
The double-motor synchronous control system is based on two excited DC motors; and for simplicity, the two motors are supposed with the same parameters as follow: Rated output power: According to the electrical equation and mechanical characteristic equation of DC motor, the mathematical model of DC motor can be described as (2) and (3) [9] : System's SIMULINK simulation model
In this control system model, the specific structure of Subsystem and PID are respectively shown in Fig. 13 , . Subsystem Figure 14 . PID According to the given random input signal, the result of the simulation of the double-motor synchronous system controlled relatively by adaptive fuzzy PID and traditional PID control strategy is shown as Fig.11 , the program about how to view the figure in MATLAB command window is appended in Appendix A The Mfile of view plot in command window. And in order to compare the effects of both of the strategies, same parameters are tuned to control as follow: Kp=2, Ki=0.5, Kd=0.1. From the result diagrams, several conclusions can be obtained. The revolving speed of the master motor is better flowed when the controller is adaptive fuzzy PID than the controller is traditional PID, it proves the adaptive fuzzy PID synchronous control strategy is successful and effective. In the detail of the result figure, superiorities of the adaptive fuzzy PID control strategy can be obviously observed, including faster response speed, less overshoot, shorter setting time stronger robustness and better tracking effect.
V. CONCLUSIONS
A control strategy combining PID with fuzzy theory is introduced in this paper. It can tune the parameters online by itself to adapt the dynamic change of the controlled system. It is applied in the double-motor synchronous working system, which is so widely used in the industry producing. In the MATLAB / SIMULINK simulation environment, two-order DC motor model is established, and two of them compose the double-motor synchronous system [17] . With the result demonstrates that this adaptive fuzzy PID strategy can control the double-motor system more effectively with faster response speed, shorter setting time, stronger robustness and less overshoot, as well as better synchrony. These performances can hardly be achieved by traditional PID controller. And the Adaptive Fuzzy PID controller will have major significance in practical industrial processes as well as theory development. 
